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STRIPPER (NNLO - Subtraction)

Introduced: 2010

 Scattering
 Top Quark Pair Production
 gg → H + jet

 Decays
 Charmless Bottom Decay
 Top Decay
 Z → e e
 Muon Decay 

SecToR Improved Phase sPacE for real Radiation

[Boughezal, Caola, Melnikov, Petriello,Schulze; 2013]

[Brucherseifer, Caola, Melnikov; 2013]

[Brucherseifer, Caola, Melnikov; 2013]

[Boughezal, Melnikov, Petriello;  2011]

[Czakon; 2011]

[Czakon, 2010]

[Caola, Czarnecki, Liang, Melnikov, Szafron; 2014]
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CDR  ↔   't Hooft Veltman scheme (HV)

CDR 't Hooft Veltman

Resolved Particle d - dimensions 4 - dimensions

Unresolved Particle d - dimensions d - dimensions

 Problem in CDR 
 Multiplicity increases number of parameterized 

dimensions in the phase space
   –  dependence of matrix elements

 

 

 Dimension of Polarization Vector and Momentum
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 “Analytic” subtraction schemes

 

 NLO
 Dipole Subtraction, FKS

 NNLO
 Antenna – Subtraction
 Somogyi, Trócsányi, Del Duca

 Poles cancel analytically 
 →  Phase – Space integrations are 4 dimensional

     [Catani, Seymour; 1996] 

[Frixione, Kunszt, Signer; 1996]

[Gehrmann, Glover et al; Weinzierl; 2005]

[Somogyi, Trócsányi, Del Duca;  2005]
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Subtraction for RR (STRIPPER) 

 Double Real Radiation

 Concept
1. Use Selector Functions to split phase space in Triple - and 

Double Collinear Sectors

2. Use a physical parametrization (angles, energy) 

3. Physical Sector Decomposition: Factorization of non-
commuting  singularities

4. Generate Subtraction Terms using + - distribution

5. Laurent series in
 Coefficients are integrated numerically
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Subtraction for RR (STRIPPER) 

 Selector Functions

 Triple Collinear Sector
 3 specific partons can become collinear and 2 of them soft

 Double Collinear Sector
 2 specific pairs of partons can become collinear and 2 of them 

soft

 Remark: Used also in RV and NLO 

(FKS - Subtraction )
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Physical Parametrization (STRIPPER) 

 Triple Collinear Sector Final (Example)

 Collinear limits are parameterized easily

 Variables that appear in arbitrary scalar products
 All other particles in 4 D (HV)  
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Physical Sector Decomposition → Factorization 

 Double – Soft Limit (schematic)

 Triple – Collinear Sector
 Additional Splitting into 5 

angular sectors

 

impose order of limits

Rescaled parameters:
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Subtraction Terms (STRIPPER) 

 Generating Subtraction Terms

 Use known IR - limits of QCD amplitudes 
  process independent
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 IR – Structure  →  Single Unresolved (SU) 

 NLO like  pole cancellation  ~
 Real – Virtual (including subtraction terms)

 Collinear Factorization Contribution
 Integrated single subtraction terms Double Real

 Subtraction terms are not the same as in Real – Virtual and 
Factorization 
 Sector decomposition → different parametrization

1. Different Range of Integration
2. Subtraction terms are not minimal in physical variables
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 Idea: Force SU contribution to be finite
 Allows to set (using “Jet Function” )

• Momenta of (n+1) resolved particles to 4d
• Spin dof to 4d → Matrix Elements in 4d

 Realization in RR:
 Azimuthal average

• Problem in final collinear (Triple Collinear Sector)  
• Replace pole splitting functions by averaged ones
• Use iterated collinear limits

 Correct subtraction terms and integration region

 

 

 

 STRIPPER in 't Hooft Veltman 
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 Correct missing parts in RR 

 Example Case: Initial – state collinear
 Identify pole and subtraction (collinear pole, soft 

subtraction)  
 Compare integration range
 Add missing piece

 

 

 

Soft Subtraction Term 

Variable   

MISSING
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 Double Unresolved (DU)

 1 Loop Finite Remainder Part is finite
 SU is finite 

 Double Unresolved Part is finite   ~  
 Allows to set (using “Jet Function”) 

• Momenta of n resolved particles to 4d
• Spin dof to 4d → Matrix Elements in 4d 

 Use Averaged Splitting functions

         Formulation of STRIPPER in 4 dimensions

 

[Weinzierl, 2011]
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 Example: gg → tt +X  

 SU – contribution

 DU -contribution

 

CDR 't Hooft Veltman Agreement (CDR - HV)

1/ε2 (-8.1 ± 7.5 ) · 10-6 (1.1 ±  0.8 ) · 10-5 

1/ε (-5.7 ± 5.9 ) · 10-5 (4.2 ± 4.1 ) · 10-5 

Finite Term (0.2580 ± 0.0003 )  (0.2584 ± 0.0002 )  (-0.0004 ± 0.0004 )  

CDR 't Hooft Veltman Agreement (CDR -HV)

1/ε4 (-1.6 ± 0.9 ) · 10-6 (-8.6 ± 8.9 ) · 10-7 

1/ε3 (-5.2 ± 6.1 ) · 10-6 (3.2 ± 5.2 ) · 10-6 

1/ε2 (1.3 ± 2.4 ) · 10-5 (-1.0 ± 1.7 ) · 10-5 

1/ε (7.4 ± 9.3 ) · 10-5 (1.9 ± 6.2 ) · 10-5 

Finite Term (-0.03041  ± 0.00035 )  (-0.03045 ± 0.00042 )  (0.00004 ± 0.00042) 
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Summary

 Idea
 Separate Finite Remainders
 Force SU and DU to be finite separately
 Impose “Jet-Function” to constrain resolved particles to 4d

 Conclusion
 Generalization of STRIPPER to arbitrary multiplicities
 All resolved particles in 4 dimensions
 All matrix elements in 4 dimensions

 Outlook
 Long-Term Goal: Publicly available software

 1-Loop and 2-Loop Finite Remainders provided by user
 Many technical improvements 

 Detailed description currently being written down
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Back Up - Slides
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Separate contributions (DU)

[CDR]

[HV]
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Separate contributions (SU)

[CDR]

[HV]
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